This paper studies the e-learning technologies from the standardization aspect with a glimpse on future changes. Our aim is to thoroughly review the existing standards, the e-Learning process workflow and the market needs and trends and indicate the best path for achieving a global standard for e-learning activities. The generic model of e-learning is presented without emphasis on specific software and hardware solutions. We focus on the major necessities like reusability or interoperability of content and technologies and revise the current standards regarding these two aspects. The most popular infrastructure models are presented in details and the related committees and organizations involved in the standardization process are referenced. As an epilogue to this presentation we provide our insights for a global standard, which will cover all aspects of elearning and will be supported by all related organizations, vendors, institutions and individual educators. We illustrate the steps for the successful configuration and deployment of a globally accepted standard and display the merits of this approach.
Introduction
In the era of information abundance, diversity and distribution it is crucial for individuals and organizations to put things in order by defining standards for everything. Following the trend, the developers, vendors and users of e-learning systems develop, support and adopt standards for the overall learning process. As it happens with every community, e-learning is now shifting from the chaotic "no standards" stage, to the phase of rules' and standards' definition in an attempt to avoid the Babel syndrome. From the first moment of this phase, pioneers of the e-learning community cooperated in order to define standards, protocols and architectures for the development of e-learning content, services and products. International consortia comprising standardization organizations, institutes and software houses undertake the coordination of players in the e-learning market chain. They collect user requirements, issue specifications for e-learning systems, develop and test applications, which validate the user requirements and convert the approved specifications
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into standards.
In order to boost the gains of e-learning market we must develop learning components (Namuth, Fritz, King, & Boren, 2005 ) that interoperate and co-operate. An e-learning process comprises conceptual and physical components and procedures that should be both standardized in terms of procedures and technologies. Development, through the whole lifecycle of e-learning process, must be done in the basis of widely adopted standards (Lytras & Sicilia, 2005) . As far as it concerns the conceptual background of an e-learning application the issues that must be well defined are: a) the design of the e-learning process, b) the definition of learners' competencies, c) the framework for the co-operation among teachers and educates. The physical components comprise: a) the learning content and its packaging and deployment, b) the learners' profile, c) the assessment activities, d) the metadata structure and e) the system architecture.
International organizations, software houses and universities develop standards that cover all aspects of e-learning. However, such standards usually fit to the needs of specific applications and are inadequate for supporting the interoperability of e-learning (Friesen, 2005) . The development of proprietary tools that use custom standards and protocols should be discouraged since it generates confusion and decelerates the growth of e-learning communities, as it was the case with multimedia technologies.
The definition and adoption of complete and sound e-learning standards will help the e-learning market achieve some key goals:
• Users of e-learning applications will be able to shift between programs and platforms, to find those that fit their needs with minimal transition cost. Moreover, the learners gain in flexibility since the attained knowledge can easily migrate to future e-learning platforms that follow the same standards. To put it simple, once the user familiarizes with a standardized e-learning technology it becomes easier to familiarize with any variation of this technology.
• Learning content producers will focus on the development of content in a standard format instead of developing the same content into many formats for different platforms and applications.
• Tool vendors will not spend money for the development of interfaces that glue their tools to e-learning platforms and systems. Lower development costs imply less expensive tools of better quality and subsequently an increase in the size of the potential market.
• Application and platform designers are able to choose from a large storehouse of reusable content, systems and tools and assembled a competitive and effective e-learning platform. They can also populate the storehouse with new modules of content and applications.
The main objective of this work is to define the framework for the development of global elearning standards that support interoperability of e-learning systems. To achieve this, it is essential to understand the innermost of e-learning process: its lifecycle and its infrastructures as presented in the next section. Next it is necessary to judge on the usability and re-usability of existing work on standards and present the general steps of our approach. Finally, it is important to understand how standards adhere to the interoperability of e-learning systems. This is explained in the fourth section, which presents the most important e-learning interoperability standards. In the conclusion we present a roadmap for the creation of widely accepted e-learning standards.
Inside the E-Learning Process
In order to reason the need for standards and interoperability in e-learning systems we should be aware of the lifecycle of the e-learning process and have an overview of the components of elearning systems and their functionality. In the following we illustrate the stages of a learning process, present the building blocks of an e-learning environment and provide a general model that comprises of the different services that e-learning technologies provide. We explain how the building blocks fit together into an overall e-learning application infrastructure and give a functional overview of the processes that make up an e-learning environment.
The Life-Cycle of the E-Learning Process
The life-cycle of the e-learning process from the planning and preparation of a course to the consumption by the learners is depicted in Figure 1 . The life cycle, as presented in Figure 1 , comprises of four phases, namely: the design phase, where the targets and requirements are specified, the production phase, where content is produced, assembled and packaged for distribution, the deployment phase, which requires the collaboration of learners in order to distribute the appropriate content per case, and the assessment phase, where the outcome of the whole process is evaluated.
Figure 1. The life cycle of the e-learning process
For the successful design of a learning process one should first define the required features of learners' profile and the recommended competencies. It should also specify in detail the educational targets to be achieved by the end of the learning process. The production phase integrates the production of content modules, their build up based on the initial design, and the packaging of the content to be delivered. The deployment phase that follows should consider the ability of users to access the content and collaborate during the learning process. The learning process ends up with the assessment of learners through tests and other activities and of the process itself through evaluation forms.
At the end of every phase useful information is collected and fed back to every previous phase of the process. This facilitates the improvement of the whole process and leads to better solutions for learners and educators. As an example, the information gathered during the deployment phase, which concerns actual learners' needs and level of satisfaction is used as an input in the production phase, in order to reassemble learning objects and produce more competitive packaged solutions. The learning process described above encompasses the issues of interoperability and standardization of tasks.
• During the whole lifecycle, from the design of a course to the final assessment there is a strong influence between tasks. The learners profile is strongly related to the competencies required by the learning process and consequently affects the educational targets. Similarly, the delivery of content requires synchronization of content production, assembly and packaging tasks and so on.
• The first requirement for controlling the process is the semantic interoperability of tasks.
The interoperability should be built on well tested and widely adopted standards. Standards enable teachers and learners to better understand each other. Concepts employed by teachers for the design of the learning process, for the specification of educational targets and the definition of required skills should be communicated and understood by the users. Partners that provide, assemble, and deliver content should be aware of the educational targets and the targeted audience.
• In a more technical level systems that produce, process, and distribute learning content must cooperate and exchange information based on standards. The development of systems by many vendors without following any standards leads to the fragmentation of incompatible technologies. As a result we have systems that cannot cooperate and content that cannot be reused.
• Standards would impose some requirements on how to create content or on how to define a procedure or a user profile. However, they would by no means limit the creativity of the designers.
From the above, it becomes clear that in order to minimize development and deployment costs, to facilitate re-usability of content and increase effectiveness of the learning process we should first resolve all technical issues and achieve interoperability of technologies and systems. The resolution of technical issues that arise can be performed in the basis of common standards and will allow us to focus on the educational aspects of learning.
E-Learning Systems Infrastructure
The elementary particles of an e-learning system are the "learning objects" (Wiley, 2002) . They are the key definition to understanding an e-learning system structure as well as the core of reusability, interoperability and adaptability. From an operational perspective, learning objects are chunks of data that are used by e-learning system. They are authored, stored, indexed, assembled, delivered, and evaluated. A more realistic approach is to think of a learning object as a digital part of a course ranging in size and complexity from a single graphic to an entire course itself.
According to earlier methodologies, learning was organized into lessons and courses with predefined objectives. Recent paradigms require the breaking of content into much smaller, selfcontained pieces of information that can be used alone or can be dynamically assembled into Learning Objects (Cohen & Nycz, 2006) to meet the "just enough" and "just-in-time" requirements of a learner (Bransford, Brown, & Cocking, 2000) The parallelism of learning objects to the LEGO building blocks is straightforward (Wiley, 1999) . The individual LEGO blocks can represent smaller pieces or basic--raw content that grouped form an asset. In the case of learning, raw objects can be audio, video, text, graphics etc. Raw objects can be used for different types of assets. For example, a photo could be used on a presentation screen but it could also be used in a multiple choice question. These assets can be snapped together and pulled apart as needed, enabling almost infinite flexibility to create logical assemblies of individual content objects to meet the learning needs of individuals. The assets begin to take on properties and functionality and are then ready to be assembled into Learning Objects. In the SCORM standard (SCORM, 2005) , these content objects are referred to a Sharable Content Objects or SCO's.
Learning objects can be developed easily and stored in repositories. However, for a successful design we should always have in mind re-usability. In order to create learning objects that can be managed, re-used and assembled in a complete learning process, we should first understand the conceptual model of content objects.
The Conceptual Model behind Learning Objects
The conceptual model of content object (Bohl, Schellhase, Senler, & Winand,, 2002) to which the learning objects perfectly fit describes a hierarchy of granular content (Figure 2 , based on (Masie, 2002) ). Within a series of levels of granular content, very small raw content assets (individual fact, principle, concept, example, procedure, etc.) can be assembled into a "just right" Learning Object. Each content asset is selected and assembled to match the unique needs of each person and situation, then presented just the right way, in just the right medium, at just the right time. This requires from content objects to be self-contained, self-descriptive and mutable (Pukkhem & Vatanawood, 2005) . More specifically, the conceptual model of content object describes:
• A component based approach.
• Structured content based on a hierarchical model.
• Metadata at each level of the content hierarchy.
• A process methodology.
• A technical infrastructure for developing, assembling and managing re-usable granular content objects that are written independent of delivery media and accessed dynamically through a database.
Figure 2. Content Object Model

Metadata
Learning content stored across multiple repositories must be labeled in a consistent way to support the indexing, storage, search and retrieval tasks of the various educational tools. Data used 
Context + Re-usability
The content object model delivers a high degree of re-usability (Barritt & Alderman, 2004) and context which are both extremely valuable. Context is a necessity in the learning process and is directly proportional to the effectiveness of the content and re-usability is strongly related to the return on investment in content.
The end result of content creation process is a database of information objects with metadata. The re-usability of such raw asset is high however the context they convey is limited. Objects are available in common media delivery types such as print, interactive CDs and web sites and can be easily re-used in all forms of learning such as: e-learning, traditional instructor-led training, or blended learning solutions. The assembly of loose assets into concrete lessons and courses puts learning into context but limits reusability
The raw information blocks are of little use to the learning process if examined as units. They are not bound to any specific application but are organized in hierarchies and are self-descriptive due to metadata. The learning design (Phase 1 in Figure 1 ) is responsible for adding context to the small information blocks by assembling them into learning objects. Learning objects stand in between raw information and stable courses. They still have great re-usability since they are not bound to a specific application or system, they are rich in content since they incorporate many resources and the convey context that serve general learning needs. Thus, the previous dichotomy between re-usability and context is resolved. (Figure 3 ).
Figure 3. Reassembling Learning Objects
The added value of learning objects
The flexibility of the Learning Object content model is in the ability to store, locate, and repurpose content as needed. They are large and contain a lot of context. However, they are flexible since their contents can be re-arranged easily to form a new learning collection. As can be seen in Figure 4 , we have a different look and feel for a course by moving the text or comment components (drawn with a dotted line) or by changing the format of the title or logo components. The existence of metadata allows re-assembling of content into a more meaningful context.
While there can be any number of levels in this Content Object Model, the four main levels (Krull, 2004) are as follows:
• Data or Raw Media Elements are the smallest level in this model and consist of the "raw media" stored at a pure data level. Examples include a single sentence or paragraph, single illustration, animation, video, audio clip, etc. (e.g. logo, title, text and comment in figure 4 can be of type animation, image and paragraph respectively).
• The second level of Information Objects is formed by a set of these data elements to create a granular, re-usable chunk of information that is media independent. For example, a title, a logo, a text or a comment entity with no type specified. Information objects are self descriptive, can be mutated and assembled in an application (a title object has a special meaning in a learning module, when it appears in an application that support graphics it will appear as image, or else as text).
• Based on a single objective, Information Objects are then selected and assembled into the third level of Application Specific Objects. This is the level in the hierarchy for one of the most common types in use today, the Learning Object (LO). The learning object specifies the conceptual and positional structure of a basic learning module that can be displayed diversely (i.e. a web page, a screenshot, a presentation or a printed page that combines a title, a logo, a text and a comment entity in a 2x2 matrix).
• The fourth and fifth levels are defined around the larger (terminal) objectives to create Aggregate Assemblies such as lessons or chapters, which can in turn be assembled into ever larger Collections which might be such things as courses and whole curricula.
The content object model presented in figure 3 has been adopted by big learning software vendors such as Autodesk Inc (www.autodesk.com/)
E -Learning Functional Model
Once the building blocks of the learning process have been defined we should explain how they are used, which tasks are dedicated to their creation, assembly, delivery, consumption and evaluation and which tools are employed in every task (O'Droma, Ganchev, & McDonnell, 2003) . All the tasks, tools and users are the components of the e-learning environment and the learning objects are the entities that must be transferred among them. In Figure 4 a conceptual model that positions e-learning products and their functionality in terms of an e-learning environment is provided (based on Robson, 2003 ).
The functional model of e-learning comprises of the Production and Dissemination phases. A Management phase runs in parallel.
The main components of the Production phase are:
• Content Repositories: they index commercial and custom learning objects that can be retrieved and served to people and systems. They support content management functions such as version control, check-in/check-out, import, export and transfer functions etc.
• Metadata: they are used for indexing and retrieval tasks, especially for non textual content. Learning object metadata is used to describe the structure and location of learning objects and facilitate retrieval. This allows learning objects to be stored on multiple servers with different characteristics.
• Content Authoring tools and services (RELOAD, 2004) allow education experts and instructional developers to create and modify fundamental learning entities.
Figure 4. e-Learning Functional Model
• Learning Objects Authoring tools support the assembly of content entities into cohesive learning modules. Assets from the repository are used to fill content templates (Halm, 2003) and create new learning objects. Templates are empty of content and are used from education experts to guide professional teachers in assembling successful learning objects and lessons. Assembly of learning objects and templates is strongly linked with other components and tasks of the learning experience such as educational discussion forums (Harman & Koohang, 2005) and collaboration environments.
• Packaged course authoring tools (Horton, & Horton, 2003) support the composition of learning objects into courses (with the inclusion of assessment components) Packaged course solutions are based on learning plans (Stark & Lowther, 1986 ) (degree paths, certification paths and skill development curricula) and compose learning objects into complete learning solutions which are put on the showcase.
• Learning Offerings. Packaged course products are indexed and priced (Fallon & Brown, 2002 ) based on the accounted market needs so as to become offerings (Vossen & Westerkamp, 2003) . Every small and large educational organization (Pöyry, Pelto-Aho, & Puustjärvi, 2002) uses catalogues that allow authorized individuals to make learning available and to set access rules, restrictions, prices, and so on.
Once the repository is populated with content, learning objects, courses and learning solutions, the delivery and exploitation of products follows. Many tasks, tools and experts have a crucial role in the dissemination and utilization of learning solutions: • Learner Profile Repositories keep information about the learners that use them (Anido et al., 2001 ). Information includes: personal data, learning targets and history (such as attained or expected certifications and degrees), assessments of knowledge (skills and competencies), and the status of participation in active learning (registration, progress).
• Learning Planners such as teachers (Ellington, 2000) , advisors, career counsellors, human resource managers (L'Allier, & Lacoff Resner, 2004) etc assist learners to determining their targets, to evaluate and improve their profiles based on a concrete plan.
• Delivery Environment. Comprises tools and activities such as chat, email, quizzes, multimedia applications, collaboration tools, application sharing, shared whiteboards, equation editors, etc. that can be offline or online (Nash, 2005) and collaborative (i.e. virtual classrooms). Delivery can also be done informally (informal learning) using live conversations, presentations, informal training, hands on demonstrations etc.
• Assessment and Testing may be integrated with learning content and delivered with it.
Learners' performance is recorded and learners' profiles are updated.
Learning Management Systems (LMS) are intended to manage the learning environment and synchronize production and dissemination tasks. Full featured Learning Management Systems (such as those provided by LearnTone (LearnTone, 2006) , IBM Mindspan Solutions, Saba and Thinq (Saba, 2006) , integrate authoring, assessment, and delivery tools and provide: a) management of learner profiles and learning offerings, b) learning planning, c) authoring, delivery and tracking of content and assessment.
Learning Content Management Systems -LCMS (Chapman & Hall, 2001 ) -are multi-user environments where learning developers can create, store, reuse, manage, and deliver digital learning content from a central object repository. An LMS manages the processes surrounding learning whereas an LCMS manages the process of creating and delivering learning content. The features of typical LCMS products include: a) content authoring and assembly, b) registration, storage, and retrieval of objects based on standards.
E-learning Standards
The adoption of standards and specifications facilitates the dominance of platform independent, open technologies and promotes user-centric e-learning systems. Standardized technologies have several merits that protect and nurture an e-learning investment. These are in general:
• Interoperability: Content from multiple providers can be easily disseminated within consumers and a multitude of systems. Problems of translation, communication, information exchange are easily solved and transparent interaction of systems is achieved.
• Re-usability: Content and code can be assembled, disassembled, and re-used quickly and easily. Additionally content objects can be adapted and used in a context other than that originally designed.
• Manageability: Systems can track the appropriate information about the learner and the content. Learners' profiles, educational target and content "speak the same language" so it is easier to find, manage and assembly "the right stuff" for each case.
• Accessibility: A learner can access the appropriate content at the appropriate time on the appropriate device. Content warehouses can be developed and become available to amateurs or professionals that use any application based on the common standards.
• Durability: Content is produced once and transplanted many times in different platforms and systems with minimum effort. Buyers are not "trapped" by a particular vendor's proprietary learning technology and their investments become permanent and adverse to risk.
• Scalability: Learning technologies can be expanded in functionality in order to serve broader populations and organizational purposes. An organization's return on investment in e-Learning products can increase if they can be leveraged beyond their original scope.
The standardization of procedures in e-learning can be achieved through the co-operation of all participants of the e-learning community: developers, vendors and users should work together in order to create, validate, establish and disseminate standards for every e-learning task.
Four Steps for the Establishment of E-Learning Standards
The four steps for setting up standards for the e-learning community as depicted in Figure 5 are explained in details in the paragraphs that follow.
Figure 5. Steps for establishing e-learning standards
Specification
Co-operating organizations should first define the tasks they carry through the learning process and the respective needs for standards. The requirements analysis is followed by an in-depth description of the e-learning process workflow. All information exchanges between tasks and all procedures should be properly specified and documented. The workflow description is communicated among partners and is refined to cover all possible tasks and avoid repetitions. The detailed analysis is expected to reveal inefficiencies and the role of experts in this phase is to issue recommendations for future specifications.
The needs analysis and the specification of requirements are currently held by consortia such as:
• IMS Global Learning Consortium (www.imsglobal.org ), 
Validation
Based on the market and workflow analysis performed in the first step and on the suggested specifications, vendors develop new products that incorporate the new requirements. They initiate pilot programs that test the effectiveness and usability of the new products, and establish test-beds for validating their conformance to the specifications. Products that fail the tests are abandoned, and similarly specifications that do not cover user needs are reformed. The integration and interoperability of potential standards is first priority during the validation process. The output of the validation step comprises many reference models which show how different specifications and standards work together to support a complete e-learning environment.
Organizations creating test-beds and reference models for e-learning include:
• Advanced Distributed Learning initiative -ADL/SCORM (www.adlnet.org ),
• Advanced Learning Infrastructure Consortium -ALIC (www.cen-ltso.net ),
• Education Network Australia -Edna (www.edna.edu.au ).
Standardization
The third step comprises: a) the refinement of specifications in order to avoid repetitions, to become concrete and clear to users, b) the consolidation of competing efforts into a single output, c) the clarification of conformance requirements in order to avoid misunderstandings and incompatibilities, and d) the official recognition of standards by international organizations and comities. It is important to clearly distinguish between a specification, which is an evolving work in progress, in which many individuals and organizations may offer their recommendations, and an accredited standard, which is ideally based on actual implementations and experience, and provides very clear and unambiguous criteria for implementation and conformance.
Bodies creating accredited standards for e-learning are:
• IEEE Learning Technology Standards Committee (ieeeltsc.org), and • ISO/IEC Joint Technology Committee Subcommittee on Standards for Learning.
National standards bodies such as the British Standards Institute are also starting to produce accredited standards. These generally have less impact until brought to a pan-national level. CEN/ISSS can produce accredited standards with great regulatory weight in Europe, but their Workshop on Learning Technology intends to work through the IEEE and ISO/IEC, not through CEN/ISSS.
Dissemination
The final step for the establishment of standards is the dissemination of the widely accepted standards to all the participants of the e-learning community. New members should be informed on the existing standards and old members should become aware of the accredited standards and update their processes to conform. The decisions of international organizations should become accredited by national comities and disseminated to local users and producers. The e-learning communities all over the world should become aware of the new standards and should be supported to better understand them and apply them to their e-learning processes.
Interoperability of E-Learning Technologies
Figure 4 presents a simplified version of an e-learning environment. Functional e-learning components are provided by a number of vendors and are not constrained by enterprise, technological and geographical boundaries. Institutes and individuals choose the best solutions to achieve knowledge. In order to facilitate integration of e-learning components, vendors provide interfaces for information exchange. However, it is still very difficult and costly to implement an integrated learning environment in the absence of standards.
E-learning interoperability standards provide structures and protocols for creating and communicating e-learning objects. Products that incorporate such standards can be easily integrated and work together effectively. The most important issues on the interoperability of e-learning tools and technologies which in the same time attract the attention of standardization organisations are: content description (metadata) and packaging, learner management and communication of the educational process results. In the following we present in more detail these four issues, point out the neuralgic spots, list the organizations that support the standardization process and their contribution.
Content Description (Metadata)
Content is the nucleus of e-learning. Learning content and catalogue offerings must be labelled in a consistent way to support the indexing, storage, discovery (search), and retrieval of learning objects by multiple tools across multiple repositories. Data used for this purpose is referred to as learning object metadata.
Several initiatives are creating metadata standards:
• The IEEE Learning Technology Standards committee has almost approved the Learning Object Metadata (LOM) standard (LOM, 2002) , which has been adopted and adapted by the IMS Global Learning Consortium, the Advanced Distributed Learning initiative, the Alliance of Remote Instructional and Distribution Networks for Europe, and other organizations. LOM provides descriptions ("metadata") for all the components ("learning objects") in order to facilitate finding relevant learning objects. The specification covers technical and educational aspects, property rights, learning object lifecycle and classification and other issues.
• The Dublin Core Metadata Initiative (dublincore.org) has its own metadata standard for e-learning which is used by libraries, publishers, government agencies, and other organizations. In collaboration with IEEE, Dublin Core Initiative aims to put the two standards in a common framework. The available set of metadata elements describes the format and type of the resource, the creator and rights.
• The IMS Learning Design team is developing an Educational Modelling Language (IMSGC, 2003a) , which can typically describe the entire pedagogical methodology of a course. This will bridge the gap between high level and machine interpretable descriptions.
Content Packaging
Content packaging specifications and standards allow courses to be transported among different systems. Packaged learning content can potentially be created by one tool, modified by another tool, stored in a repository maintained by one vendor, and used in a delivery environment produced by a different vendor. Content packages include: a) raw content, b) assembly, delivery and presentation information. Initiatives dealing with content packaging include:
• Assessments and their component questions are a special kind of learning content currently supported by a different set of specifications. As with learning content, we have questions, tests, and test banks that can be transported among systems. The IMS Question and Test Interoperability specification (QTI) is an attempt of standardization in assessment packaging and delivery.
Learner Management
Learner management requires a standardized description of learner profile data, registration information and privileges.
Learner profile standards allow different system components to share information about learners across multiple system components. Profile information comprises of personal data, learning plans, learning history, accessibility requirements, certifications and degrees, assessments of knowledge (skills/competencies), and the status of participation in current learning. The most important standardization efforts are:
• The IMS Learner Information Package (LIP) specification,
• The Public and Private Information -PAPI (http://edutool.com/papi/) specification that was originally an IEEE draft and is now being looked at by ISO.
Learner registration information allows the controlled delivery of learning content to the learners, based on the offerings available and on learners' choices. The delivery system should be aware on the learners' profiles and privileges in order to deliver content. This implies exchange of offering and enrolment data among learning systems. There exist two initiatives currently dealing with these requirements in e-learning:
• The IMS Enterprise working group that has created a specification for registration data exchange.
• The Schools Interoperability Framework -SIF (http://www.sifinfo.org/ ), which supports the exchange of this type of data in the K-12 environment.
Communication of Results
In order to provide feedback to content and course creators we need to generate performance reports (Varlamis, Apostolakis, & Karatza, 2005) . As a learner interacts with content or assessments, activity and performance information is generated that should be communicated to content creators. In order to share the status of learning activities and learners' results across multiple components of a learning environment we need standards. This can be accomplished by creating standardized communication protocols and data models that allow learning content to communicate with the system that delivered it. Work is going on by in two initiatives:
• The Aviation Industry CBT (Computer Based Training) Committee (AICC) and • The Advanced Distributed Learning initiative with Sharable Content Object Reference
AICC (http://www.aicc.org/ ) is an organization that has developed a set of specifications for: a) the online content -the structure of lessons, and tests and the progression logic philosophy for the whole instructional material of a course, b) the offline instructional activities -training statistics, student assignments, student access data, etc, c) access and performance data -of students at all levels of courseware presentation (figure 6). The student interaction with the online content and the performance in offline activities is a valuable piece of information that must be stored, analyzed and used as feedback for appropriately delivering the course (both offline and online). The analysis of access and performance data will help us measure the individual rate of learning, is a model for reusable learning content for both computer-based and Web-based (mainly) learning. It provides a harmonized set of guidelines, specifications, and standards based on the work of several distinct e-learning specifications and standards bodies. It builds on accepted Web standards allowing developers to focus on effective learning strategies. SCORM's "technical books" refer to: content (assets, sharable objects), course overview and metadata, content sequencing and navigation (activity tree, sequencing rules), content aggregation (packaging) and runtime environment (i.e. content launch process, standardized communication between content and LMSs and standardized data model elements used for passing information relevant to the learner's experience with the content).
Other interoperability specifications and standards are: the IMS Digital Repositories that standardizes the repository description and offers federated search over multiple repositories, H. 
Conclusions
It is important to emphasize the fact that learning technology standards implement a certain level of interoperability. In order to achieve the smooth co-operation of all e-learning components we should impose standards in every procedure. Standardization committees should define standards that cover all aspects of the educational procedure and do not cover each other.
A major complaint about e-learning standards is that products claiming conformance do not work together without further tweaking. This translates into lost time and expensive service engagements. As a result of this challenge, there is an increasing emphasis on developing conformance tests and certification programs. It is necessary that e-learning standards must be adopted by everyone without any customization or modification (i.e. based on differences in language, country, low, customs etc.).
The roadmap to achieve standardization of e-learning technologies comprises the following steps:
1. First we should overview the e-learning process as a whole. We must define the operations included in the e-learning process, the information exchanged (input, results etc) . In this step we should stabilize the existing practices and record the existing standards and needs. 2. The second step is to locate the main standardization bodies and have them work for the common aim. International boards must decide on the standards by taking into account the needs reported by the national fora. 3. The third step concerns the thoughtful definition of specifications. The specifications should cover all possible needs of e-learning systems and avoid redundancies. 4. The final step comprises the dissemination of specifications and their stabilization into standards. Once they are defined, the specifications are communicated to the community for testing. Additional requirements or modifications are covered in this step. Once approved, the specifications become standards. 
Figure 8. Developing standards for e-learning technologies
